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(54) Mierostrip antenna Structure 

(57) A mierostrip antenna which 
allows integration of the antenna 
radiator and its associated microwave 
components on to a common 
mierostrip board having a relatively 
high dielectric constant, eg alumina, the 
antenna being linked to associated 
components by a feed-line formed on 
the board. Such dielectrics are normally 
unsuitable for forming mierostrip 
antennas because the wave is too 
tightly bound. The present antenna 
comprises a conducting sheet radiator 



15 spaced above the level of the line 12 
by a dielectric layer 16 whose dielectric 
constant is substantially less than that 
of the board itself. The radiator may 
comprise a plurality of alternate layers 
of such conducting sheets and dielectric 
layers of the same or slightly different 
dimensions to give increased 
bandwidth. Coupling between the 
radiator and the feed-line can be 
effected In several ways, suitably by 
forming on the board a sheet resonator 
connected to the feed-line, which 
resonator underlies the lowermost 
dielectric layer. 
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SPECIFICATION 

Improvements in or relating to microstrip antennas 

5 This Invention relates to microstrip antennas and 
provides forms of antennas enabling an antenna and 
its associated microwave circuits to be integrated on 
to a common substrate. : 
It Is known to form an antenna as a flat dipole 

10 which partially overlies the end of a microstrip feed- 
line, being separated from the upper conductor 
thereof by a layer of dielectric materiaL Such a struc- 
ture Is described In US Patent No 4,054^74 to Oil- 
man, and in a paper by Oltman entitled "Elec- 

15 tromagneticaity coupled microstrip dipole antenna 
elements", 8th European Microwave Conference, 
Paris, October 1978, pp281-285. The present Inven- 
tion provides modified forms of such antennas 
which have unique and valuable properties. 

20 With the increasing compactness of nnodern mic- 
rowave systems, it is becoming desirable to inte- 
grate the antenna and the.dreuit cornponents (such 
as power dividers, fiiters, circulators and even active 
devices) on to a common substrate. There is a con- 

25 fifct however, in the transmission properties 
required for circuits components on the one hand 
and antennas on the other; circuits need a tightly 
bound wave with little radiation and surface-wave 
generation, whereas antennas require a ioossty 

30 bound wave to allow efTiclent radiation. Thus circuit 
components are usually formed on high dielectric- 
constant substrates (cr^ 10) such as alumina, 
whereas antennas use lower dielectric-constant 
materials (cr < 3), such as Polygulde (an irradiated 

35 polyolefin), Duroid (glass-ioaded PTFE)or Rexolite 
(polystyrene). The antenna-to-circuit Interface then 
generally consists of a connector or cable, which 
introduces constructional difficulties and, especially 
at higherfrequencies, considerable los8.;v;... 

40 It has now been found that the structure disclosed 
by Oltman can be rnodifled to provide a form suit- 
able for use In In such Integrated construction wilh 
particular advantage. 
According to the present invention a microstrip 

45 antenna suitable for the latter purpose comprises: 
a microstrip board haying |i condcvitive feed-line 
on a first side thereof and a conductive suriBce on its 
second side, the dielectric maiterial between said line 
and surface being relatively high dielectric constant; 

50 a radiator comprising a conducting sheet pn a Urst 
side of a layer of dielectric material of relatively^ ow 
dielectric constant whereof the second side is in con- 
tact with said first side of the microstrip board; 
and means for coupling said radiator to said con- 

55 ductive feed-line. ;r:--ry-.i-<iirv:::-^::-]-i> : 

For example the material of relatively high dielec- 
tric constant may be alumina, and the material of 
relatively low dielectric constant may be comprise a 
polymer as In Polyguide, Duroid or Rexolite rnenr . 

60 tioned eariier. . - ■ : ^ : ? 

The radiator may be secured to the microstrip 
tjoard by a suitable adhesive sudn as ioctite 307 or 



Avdelbond (cold-setting), or 3M Bonding film (hot- 
curing), or by a bolt or equivalent fixing. The radiator 

65 may be a resonant radiator. 

The coupling means may comprise the end of the 
line itself arranged to partially underiie said layer of 
dielectric material; or may comprise a sheet 
resonator formed on said board at the end of said 

70 line and arranged to wholly or partially undertie said 
layer of dielectric material; or may comprise a loose 
conductor, eg a wire or tape, connected between the 
end of said line and the conducting sheet on the first 
side of said layer of dielectric material. 

75 The above-defmed form of antenna enables the 
circuit components to be found on the microstrip 
l>oard resulting in tightiy t>ound waves, while the 
waves in the conducting sheet of the radiator are 
loosely bound, as required. 

80 h has al so been found that a modified form of 
radiator having greater bandwidth than the simple 
form described by Oltman can be provided by using 
a plurality of layers of conducting sheet separated by 
dielectric material. Instead of the single layer dls- 

85 closed by Oltman. 

Accordingly the aforesaid radiator may comprise 
alternate layers of dielectric material of relatWely low 
dielectric constant and of conducting sheets 
superimposed upon another with a conducting sheet 

90 uppermost and the lowermost layer of dielectric 
material in contact with said first side of the micros- 
trip board, there being at least two layers of said 
material and two said sheets* 
The sheets may all t>e the same size or slightly 

95 different sizes, and their adjacent underlying layers 
may all have the same thickness or different thlck- 



To enable the nature of the present invention to be 
more readily understood, attention is dire^ed, by 
1 00 way of example, to the accompanying drawings 
wherein: 

Rg 1 (a) is a plan view, and Fig 1 (b) a sectional view 
on the line 8-B in fig 1(a), of a known form of 
antenna. . : . 

105 Rg 2{a) is a plan view, and Rg 2(b) a sectional view 
on the line B-B in Rg 2(a), of an antenna embodying 
one aspect of the present invention. 

Figs 3 and 4 are plan views simitar to Rg 2(a) 
showing two ahiemativefeed line-to-radiator coupl- 
110 ing arrangements. 

Fig 5 is a sectional view similar to Fig 2{b)of an 
antenna embodying a further aspect of the present 
Irrvention. 

Rgs 1(a) and (b) show a form of antenna described 
115 by Oltman in the aforementioned publications. It 
comprises a microstrip board 1 having a conductive 
feed-line 2 formed on a first side of a dielectric layer 
(the substrate) 3 which has a conductive surface 4 
(the ground-plane) on Its second side. The antenna 
120 proper comprises a conducthre sheet dipole 5 which 
overiies the line 2 and is spaced from its plane by a 
dielectric layer 6. (It will be appreciated that all the . 
Rgs are essentially diagrammatic for darlty, and that 
the "gap" shown between layers 3 and 6 Is due to 



The drawing originally filed was informal and the print here reproduced is taken from 

a later filed formal copy. 
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the exaggerated thickness of conductor 2 and in 
. practice wouid be fFlied with the adhesh^e, where 
used). The increased distance of the dipote 5 from 
the ground-plane 4 of the board 1 effected by the 
5 layer 3 ghtes inter alia increased radiation efficiency 
and bandwidth, as explained by Oltman. The coupl- 
ing between the dipole and the line depends on the 
amount of overlap between them, which can be 
adjusted for optimum matching. 
10 In Oltman's descriptions no reference is made to 
any dHference between the dielectric constants (cr) 
of layers 3 and 6 and it is evidently assumed that 
these will be similar. It has now been found that such 
increased separation of the radiator from the ground 
15 plane has particular advantage where the layer 3 has 
a relatively high e,, eg where layer 3 is alumina, 
because layer 6 can be a different nnateiial having a 
lower Thereby, as explained In the present Intro- 
duction, the waves associated with the feed-lfne and 
20 other components formed on the board will be 
tightly bound, whereas the wave associated with the 
radiator will only be loosely bound, as Is destrebfe. 
Moreover, ft can be shown that at a fixed frequency 
and (resonator width) - to - (substrate height above 
25 the ground plane) ratio, w/h, reducing er will increase 
the bandwidth of the resonant radiator. 

In the embodiment of Fig. 2 a microstrip board 1 0 
has an alumina dielectric (cr "^10) and a conductive 
ground-plane 14 of copper sheet A copper-sheet 
30 feed-iine on the other side of layer 13 (assumed to 
lead from other circuit components formed on board 
10 but not shown) has a portion 12 whose impe- 
dance (z) matches tiiat circuit (usually 50 ohms), 
leading to a lower-z portion 17 which partially under- 
35 lies a known form of dipole resonant radiator con- 
sisting of a rectangular copper sheet 15 and matches 
the line thereto. Sheet 15 is spaced from the plane of 
portion 17 by a dielectric layer 16 of relatively low €r, 
eg items 15 and 16 can be a piece of Pdlyguide (cr < 
40 3) studcto the board 10 by a suitable adheshre. The 
average value of Cr between ground plane 14 and 
sheet 15 Is thus effectively reduced, giving increased 
bandwidth. The direction of the radiated electric vec- 
tor IS indicated by the arrow E in Fig. 2(a). The 
45 rectangular^apadsheet 15 is preferred to the nar- 
row dipole 5 described by Oltman (Fig 1 ) because it 
can be shown that a fixed frequency and for a given 
€r, increasing the width W (ie normal to vector E, see 
Fig 2(a)) Increases the bandwidth. 
50 Rg 3 shows a modified arrangement for coupling 
the line to the radiator 15. Again the board dielectric 
13 (not shown) is alumina and Items 1 5 and 16 suit- 
ably Pdlyguide. The feed-line now comprises a 
circuit-matched portion 20 leading to a higher-z por- 
55 tion 18 which feeds and matches to a rectangular 
resonator 1 9 formed on the alumina. Radiator 1 5 
partially overiies resonator 19, matching being . 
effected by adjusting the width of line portion 18 and 
adjusting the amount of overiap to give maximum 
60 bandwidth. No sectional view is illustrated because 
of Its similarity to Rg 2(b). 

fn Rg 4 a yet further coupling arrangement is used. 
Sheet 1 5 does not overlie either the feed-line or a 
resonator formed on the alumina but is connected to 
65 the line by a soldered wire ortape connection 22 to a 



high-z portion 21 of the feed-fine. Portion 21 is 
matched to the circuit-matched portion 33 of the 
feed-line by matching portions 23 and 24. Again no 
sectional view Is shown t>ecu8se of its similarity to 
70 Fig 2(b) apartfrom the absence of overlap. 

In Rg 5 a further Increase in bandwidth is obtained 
by forming tiie resonant radiator of a plurality of 
sheets alternating with dielectric layers and capaclta- 
tively coupled to one another. The sheets may be the 
75 same size or of different sizes, so long as the sheets 
resonate at slightly different frequencies; It is found 
that even when they are the same size their resonant 
frequency varies with height above the board 10. Rg 
5 shows two such sheets 26, 27 alternating vwth 
80 di electric layere 29, 30, the last of which Is stuck to 
and pardally overiaps a resonator 31 fed by a feed- 
line in the manner of Rg 3. The dielectric 32 is 
alumina and the layers 29, 30 are of relatively low €r 
as in Rg 3, e.g. Polyguide is again suitable. The 
85 sheets 26, 27 (and their associated layers 30, 31 ) are 
aligned symmetrically with respect to the axis of the 
feed-line, but their positions relative to one another 
and to the resonator 31 In the direction of that axis 
are adjusted to give the maximum measured band- 
90 width and may therefore appear staggered as shown 
in Rg 5. The bandwidth Increases with the number of 
superimposed sheets. 

The following Examples of results obtained with 
some embodiments of the present invention includ- 
es tng comparisons with tiie bandwidths obtained 
when the radiator is formed as a single resonator 
formed on the substrate of the microstrip board 
teelf, ie In the plane of the feed-line and conduc- 
tively conne^d thereto In tiie manner of resonator 
100 19 In Fig 3. In all Examples the substrates of the 
microstrip boards (items 13 and 32 in the Rgs) are 
0.5mm thicic alumina and the conducting sheets and 
dielectric layers (Items 15, 16 and 25-30) are made of 
Polyguide. All sheists are alijgned with their longest 
105 edges parallel to the feed-line axis and their posi- 
tions In the direction of that axis adjsted for max- 
imum bandwidth. 

The bandwidths gh^en are defined for greater than 
a 10 dB input return loss. 
110 Examplel 

Coupling arrangement: 30 ohm line as in Rg 2. 
Radiator: Single conducting sheet on 0.80 mm 
thick Polyguide (as Rg 2) 8mm x8mm; resonant fre- 
quency 10,2 GHz. 
115 Bandwidth: 7.2% 

BandvAndth of equivalent radiator on alumina subs- 
trate: 1%.'-' 

Ditto on Polyguide substrate: 2% 
ExempIaZ 

1 20 Coupling arrangement: HIgh-z line + 6mm x 5mm 
resonator on alumfaia substrate as in Rg 3. 

Radiator: Single conducting sheet on 1.6mm thick 
Polyguide (as Rg 2), 8mm x 5mm; resonant fre- 
quency 10.5 GHz. 
125 Bandwidth: 11% 

Bandwidth of equivalent radiator on alumina subs- 
trate: 1% 
Examples 

Coupling arrangement: Hlgh-z line + 4,6mm x 
130 4mm resonator on arumiha subistrate as In Fig 3. 
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Radiator: Two conducting sheets on 1.6mm thick 
Poiygulde (as Rg 5), one 5 x 6nim (uppermost and 
staggered towards line as in Fig 5), other4mm x . 
6.6mm; resonant frequency 11 GHz. 

5 Bandwidth: 21% 

Bandwidth of single equivalent radiator on 
alumina substrate: 1% 

It will be noticed that the two^heet assembly of 
Examples gives almost twice the bandwith of the 

10 single sheet of Example 2, the Example being other- 
wise similar. 

Although in all the described embodiments the 
radiators are of rectangular shape and operate as 
dipole resonators, the Invention is not limited to mic- 

1 5 rostrip radiators of this ^ape and they heed not 
necessarily be operated in the resonant mode. For 
example the invention may be applicable to circular 
radiators, and to circularly polarised radiators of 
both the resonant and spiral varieties. 

20 An antenna array embodying the present inven- 
tion may be formed bya plurality of individual 
antennas as aforesaid whereof the respective 
radiators are fed in parallel by a corresponding plur- 
ality of individual feed-lines as described. An altema- 

25 tive arrangement which may be usable to form an 
array comprises a plurality of indh^lduat antennas as 
aforesaid whereof the radiators are coupled to a 
single feed-line at spaced locations along the line, 
suitably by increasing the line-width at said locations 

30 to form resonators which couple to the overlying 
radiators in a manner simitar to that of Rgs 3 and 5. 

The present invention is to be distinguished from 
the arrangement shown in US Patent No 4,070,676 to 
Sanford which discloses microsuip antenna struc- 

35 tures comprising a plurality of superimposed con- 
ducting sheets separated by layei^ of dielectric mat- 
erial. H oweve r Sa nf ord* 11 ke O Itman, does not dis- 
close the use of materials of different dielectric con- 
stants for the microstrip board and the separating 

40 layers. In Sandford also, the resonant frequencies of 
the superimposed sheets are far apart so that only a 
selected sheet is excited by a given input or output 
signal of corresponding f requency, whereas in the 
arrangement of the present Rg 5 the resonantfre- 

45 quencles of sheets 26 and 27 are, of course, suffi- 
ciently close to give a good Voltage Standing-Wave 
Ratio over a gh^n band. Furthermore, Sanford 
describes the feed-line as being directly connected at 
least to the uppermost sheet (alternatively also to 

50 lower sheets). Sudn an arrangement is unsuhable for 
use with a high dielectric-constant microstrip i^oard 
on which the circuit components and antenna are 
Integrated, for which the present invention is particu- 
larly suitable as already ^cplained, since with the 

55 resulting large gap between feed-line and ground- 
plane the advantage of tight binding of tiie wave 
would be lost 

It will be understood that the use of the term 
'''radiator^' in the present Specification does not limit 

60 the Invention to transmitting antennas, and that the 
present antennas can, as usual, be used for either 
transmitting or receiving. 
OMMS 

1 . A microstrip antenna comprising : 
65 a microstrip board having a conductive feed-line 



on afirst^de thereof and a conductive surface on Its 
second side, the dielectric material between said line 
and surface being of relatively high dielectric con- 
stant; 

70 a radiator comprising a conducting sheet on a first 
side of a layer of dielectric material of relatively low 
dielectric constant whereof the second side Is In con- 
tact with said first side of tiie microstrip board; 
and means for coupling said radiator to said con- 

75 ductive feed-line. 

2. An antenna as claimed in claim 1 wherein said 
coupling means comprises the end of the line 
arranged to partially underile said layer of dielectric 
material. 

80 3. An antenna as claimed in claim 1 , wherein said 
coupling means comprises a sheet resonator formed 
on said board at the end of said line and arranged to 
wholly or partially underile said layer of dielectric 
material. 

85 4. An antenna as claimed in claim 1 wherein said 
coupling means comprises a loose conductor con- 
nected between the end of said line and the conduct- 
ing sheet on the first side of said layer of dielectric 
material. 

90 5. An antenna as claimed in any preceding claim 
wherein the radiator comprises alternate layers of 
dielectric material of relatively low dielectric con- 
stant and of conducting sheets superimposed upon 
one another with a conducting sheet uppermost and 

95 the lowermost layer of dielectric material in contact 
with said first side of the microstrip board, there 
being at least two layers of said material and two 
said sheets. 

6. An antenna as claimed in claim 5 wher^n said 
100 sheets are substantially all the same sazb. 

7. An antenna as claimed in claim 5 wherein said 
sheets are of slightly different sizes. 

8. A microstrip antenna substantially as 
hereinbefore described with reference to Figs 2, 3, 4 

105 or 5 of the accompanying drawings. 
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